Introduction: Glioblastoma multiforme is the most malignant cancer in the human body with limited treatment options, in which Temozolomide (TMZ) is the conventional chemotherapeutic agent (CA) often prescribed for this condition. Fatty acids (FAs) per se, including polyunsaturated fatty acids (PUFAs), have been prescribed as adjuvants molecules for general cancer treatment. However, little is known about potential interactions between these lipids and the CAs. TMZ was combined with different FAs to access the nature of the interactions between these compounds.
Introduction
Gliomas are Glial cell-derived primary, central nervous system (CNS) brain tumors, of which Glioblastoma multiforme (GBM) appears as the most malignant and aggressive form [1] [2] [3] . GBM is characterized by its fast and devastating growth on brain tissue. Complaints among patients may vary from headaches, nausea, fainting, seizures, etc., which usually start when the tumor has grown into such proportions that the intracranial pressure is high [4] . At this stage, treatment options are scarce, mainly involving surgical resection of the tumor, followed by radiotherapy and chemotherapy [5] . However, its highly proliferative and invasive nature along with its localization in the brain (i.e., cortex, brain stem, basal ganglia, etc.) render this type of cancer very difficult to treat [6] . Additionally, the residual cancer cells that remain after surgical resection, located on the borders of the tumor, have the potential to cause cancer to recur within a period of six to nine months [7] . Patient survival after diagnosis with GBM is usually about 12-18 months [8] .
Temozolomide (TMZ) is currently the standard chemotherapeutic agent (CA) for newly diagnosed GBM and is usually combined with radiation therapy to improve therapeutic outcomes [6, 9] . Studies have also tested the combination of TMZ with other CAs; however, no improved clinical benefits were observed [6, 10] . Due to the unresponsiveness (specifically in GBM with hypo-
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methylated MGMT promoters), intrinsic resistance and the role of the blood-brain barrier (BBB) in preventing access of the cytotoxic agents to the tumor, the search for new therapies with low toxicity profiles continues [11] [12] [13] . Thus, to the best of our knowledge, TMZ combined with radiotherapy remains the single proven therapy able to slightly, yet significantly, increase patient survival, albeit with reduced or no significant improvement in their quality of life due to its side effects [11, [14] [15] [16] .
Over the past decade, lipid molecules or fatty acids (FA) have attracted attention as anticancer agents. A synthetic FA, known as 2-Hydroxyoleic acid (2-OHOA), has recently entered phase IIB clinical trials for patients with newly diagnosed malignant glioma [17] . 2-OHOA is thought to mediate its anti-tumor effect by affecting the biophysical properties of membranes, which leads to altered recruitment and activation of amphitropic proteins, altered cellular signaling, and eventual cell death [18] [19] [20] . 2-OHOA is a synthetic analog of oleic acid and is believed to have a slower metabolism, a longer half-life, and thus a longlasting pharmacological effect [19] . The phase IIB study with this compound aims at assessing the potential clinical benefit of adding 2-OHOA to the current standard protocol (i.e., TMZ and radiotherapy) in patients with newly diagnosed GBM [17] .
Natural products have recently emerged as compelling tools for improving TMZ efficiency, as well as reducing its side effects [21, 22] . For instance, the addition of Epigallocatechin gallate (EGCG), a phenolic compound of green tea, has shown promising results in preclinical studies [23] . Naturally occurring lipid molecules or fatty acids (FA) derived from plants or animals have been tested for anticancer activity [24] . Docosahexaenoic (DHA) and eicosapentaenoic (EPA) acids are both omega-3 FA from fish oil (FISH). They are considered potential protective agents against several types of cancers, including breast, prostate and colorectal cancer, but not for brain cancer [24] [25] [26] . Conversely, γ-linolenic acid (GLA), an omega-6 FA highly present in primrose and borage oils, is the most studied FA in human gliomas [27, 28] . Clinical and pre-clinical studies have already demonstrated its ability to arrest tumor growth by inducing apoptosis, as well as decreasing cell proliferation, invasion and angiogenesis [28] [29] [30] . Previous studies showed that GLA has significant specificity for tumor cells [30] [31] [32] [33] .
The effects of the abovementioned FA ( Figure 1A ) in combination with TMZ has not been investigated so far. Thus, in this study we analyzed the effect of combining TMZ with different FAs. For that, we used the gut-brain axis (GBA) and the BBB axis in vitro models translationally significant to delve into the mechanism of pharmacological interaction and absorption in the gut with subsequent effect in the brain ( Figure 1B ).
Materials and Methods
Compounds 2-Hydroxyoleic acid (2-OHOA) was purchased from Avanti Plar Lipids Inc., Alabama, USA. Gamma-Linolenic acid (GLA) was purchased from Sigma ® (cat. L2378). Fish oil (FISH) was obtained from Sigma ® (cat. 8002-50-4).
Cell culture
Human glioblastoma (T98G) cells, colon cancer (Caco-2) cells, and human umbilical vein endothelial cells (HUVEC) were cultured according to standard, mammalian, tissue culture protocols and sterile conditions. T98G was cultured in RPMI 1640 medium and Caco-2 in high glucose, Dulbecco's Modified Eagle Medium (DMEM), which were supplemented with 10% fetal bovine serum (FBS). HUVEC cells were cultured in Endothelial Cell Growth Medium 2 supplemented with SupplementMix C-39216. A combination of streptomycin (100 µg/ml), penicillin (100 U/ ml) and nystatin (12.5 U/ml) were used as antibiotics. Incubation conditions were 5% CO 2 atmosphere at 37°C. 
MTT assay
The viability of the cells following treatment was determined using a commercially available MTT assay kit (ABCAM, ab146345) and performed according to manufacturer instructions. Briefly, cells were seeded in 96-well plates at a density of 1 × 10 4 cells/well (n=4). After overnight stabilization, cells were exposed to varying concentrations of 2-OHOA, GLA, FISH, and TMZ. Based on the literature, the concentration range was 25-400 µM for GLA and 2-OHOA, 3-100 µg/ml for FISH (a second experiment was performed using 3-50 mg/ ml), and 0.25-500 µM for TMZ. The EC50 was obtained for each compound to be used in the dual chamber model of cell cultures. Plates were incubated in a humidified atmosphere containing 5% CO 2 in air at 37°C for 24 hours. According to the MTT standard protocol, after the treatment period, the media was removed, and all cells were incubated with serumfree media containing 0.5 mg/ml MTT for four hours in the incubator. The MTT purple crystals formed by the viable cells were diluted using isopropanol containing 0.04 mol/L HCl. The quantification was determined by measuring the optical density at 570 nm in an enzyme-linked immunosorbent assay (Spark, Tecan) reader. Data were presented as proportional viability (%) by comparing the treated group with the untreated cells, the viability of which is assumed to be 100%.
Transepithelial Electrical Resistance (TEER)
Caco-2 or HUVEC were plated in a 6.5 mm Transwell with 0.4 µm pore polycarbonate membrane insert (Millipore ® ). T98G cells were plated in the basolateral side on the bottom of the well in a 24-well polystyrene plate Corning ® Costar ® . For a more realistic development of the BBB in vitro, human astrocytederived cells were plated upside down on the surface of each insert ( Figure 1B ). Inserts were incubated for one hour with 0.01% Poly-L-lysine solution (P4707 -Sigma ® ) prior to seeding, to facilitate cellular attachment. After 72 hours of seeding, the treatment was set for 24 hours. TEER (Transepithelial electrical resistance) was used to determine the monolayer integrity. At the end of the treatment, plates were equilibrated at room temperature for one hour. The electrical resistance (ER) across the monolayer was measured using an Ohm meter (Millicell ® ) equipped with probes, positioning the probes one inside the filter well and the second into the medium in the growth well. The electrical resistance for each well was recorded. The ER of a blank insert (without cells) was determined to subtract the background value.
Trypan blue exclusion assay
The number of viable cells in each well of the 24-well plate described above and in 25 cm 2 flasks was determined by exclusion of 0.1% w/v trypan blue dye (Sigma ® ), and cells were counted with a hemocytometer. The trypan blue exclusion method was also used to seed viable cells.
Immunoblot analysis
Immunoblot analysis was performed using antibodies against E-cadherin (1:10000 dilution; ab40772, Abcam), β-catenin (1:1000 dilution; ab227499, Abcam), and the internal control β-actin (1:1000 dilution; ab101173, Abcam). Species-specific HRP-labeled secondary antibodies were used. The blots were visualized using enhanced chemiluminescence (Biological Industries) and quantitated using ImageQuant LAS 4000 mini, General Electric.
Cell morphology and imaging analysis
All imaging was performed using a Zeiss Axiocam 105 color in a Carl Zeiss™ Primo Vert™ inverted microscope with the Zen Pro software suite. Phase-contrast images were acquired with 10x, 20x and 40x objective lenses. To quantify T98G cell proliferation, cells were counted after 24 h treatment and compared with the images. To analyze images (40x magnification) in ImageJ software (https://imagej.nih.gov/ij/), cell area was acquired and compared. The thickness of the intercellular space was also measured using Pixcavator Image Analysis software (http:// inperc.com/image_analysis.htm).
Nile red staining
Following treatment, cells were fixed with 4% formaldehyde for 20 minutes at room temperature and washed 3 times with 1X PBS. To stain with Nile Red (Sigma ® ), 2 µL of a 1 mg/mL stock solution was added to 20 mL of 150 mM NaCl in PBS to make a Nile Red solution. The Nile Red solution was added to the cells and incubated for 20 minutes in the dark. Following incubation, the cells were washed 3 times with 1X PBS and stained with 5 µg/ml Hoechst 33342 (Sigma ® ) for more 20 minutes. Cells were imaged on an ECLIPSE Ts2-FL (Diascopic and Epi-fluorescence illumination model) Microscope. Images were processed using ImageJ software.
Statistical analysis
We used Student's t-test for statistical analysis on Microsoft Excel. Data were considered significantly different from control when p<0.05. Electrical Resistance (TEER) and T98G cell proliferation in a gut-brain barrier (GBA) in the blood-brain barrier (BBB) model in vitro. A) and C) TEER measured in the GBA and BBB, respectively, after treatment with 75 and 150 µM 2-OHOA alone or in combination with 500 µM temozolomide (TMZ). B) and D) T98G cell proliferation in the GBA and BBB, respectively, measured after 75 and 150 µM 2-OHOA alone or in combination with 500 µM TMZ. The data are mean ± SE (n=4) from two separate experiments. Difference between the control and treatment as well as between the treatment combination versus each compound alone are described (Student's t-test, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001). 
Results
MTT cell viability and trypan blue exclusion assays were performed to obtain the correspondent minimally effective concentrations of TMZ and FA able to inhibit T98G cell proliferation without significantly affecting Caco-2 or HUVEC cell monolayer (data not shown). The following concentrations were used in all the assays: 500 µM for TMZ, 150 µM for both 2-OHOA and GLA, and 2 mg/ml for FISH. The latter was not cytotoxic to T98G cells. It did not affect cell proliferation, cell viability or even cell morphology (data not shown). As expected, it also did not affect T98G cell proliferation in the gut or BBB models. However, FISH antagonized the effect of TMZ on T98G cell proliferation (see below). GLA, 2-OHOA and TMZ alone presented the same range of effect on these models -around 20% inhibition of T98G cell proliferation (Figures 2  and 3 ). When those treatments were added directly to the cells -without any cell barrier -GLA revealed to be the most effective in decreasing T98G cell proliferation ( Figures 4A and  4B ). In addition, it was possible to observe a great number of apoptotic cells (white arrows) only after GLA and TMZ treatments ( Figure 4A ).
2-OHOA effects in combination with TMZ
To test the effect of 2-OHOA on gut permeability we used a gutbrain axis in vitro model ( Figure 1B) . After 24-hour incubation, both 150 and 75 µM concentrations of 2-OHOA significantly increased Caco-2 cell-permeability, as demonstrated by TEER analysis (Figure 2A) . A slight difference between 75 and 150 µM was observed (p=0.05), in which the lower concentration elicited a higher permeability of the Caco-2 cells. This effect was entirely reversed by combining 500 µM TMZ with 2-OHOA. The combination was able to increase TEER from -28.9% of the 75 µM 2-OHOA alone to +27.9% when combined. The combination also decreased T98G cell viability in the GBA model. As opposed to that, the combination a significantly reduced the inhibitory effect compared with TMZ or 2-OHOA alone ( Figure 2B ) thus exerting antagonistic effects when combined. We next examined the ability of 2-OHOA to cross the BBB using an in vitro BBB model ( Figure 1B) , in which a similar pattern was observed ( Figure 2C ) concerning TEER measurements. In this model, the combination of 2-OHOA and TMZ reduced the inhibitory effect of TMZ, but not that of 2-OHOA ( Figure 2D ).
FISH effects in combination with TMZ
The same models were used to study the effects of omega-3 FA alone and in combination with TMZ. In the GBA model, FISH significantly halted the regular decrease of Caco-2 cell permeability in comparison with the control after 24 hours of incubation ( Figure 5A ). In the BBB model, FISH halted the general decrease of endothelial cell permeability after 24 hours of treatment as was previously observed in the GBA model ( Figure 5A-C) . TMZ alone significantly decreased endothelial cell permeability in the BBB model. Moreover, the combination of FISH with TMZ completely abolished the inhibitory effect of 
GLA effects in combination with TMZ
Next, we tested the effects of the omega-6 FA, GLA. GLA significantly increased Caco-2 cell permeability similar to 2-OHOA, in the GBA model, while TMZ significantly decreased cell permeability ( Figure 3A ). In this model, the combination of TMZ with GLA showed no different effect on Caco-2 cell permeability, since the same range was observed with TMZ alone. In the BBB model ( Figure 3C ) GLA increased endothelial cell permeability, while TMZ decreased it, just as in the GBA model. The combination of GLA and TMZ in the BBB model resulted in no significant alteration of endothelial cell permeability in comparison with control. Regarding T98G cell proliferation, the combination of GLA with TMZ in the GBA model was significantly less effective than each substance alone ( Figure 3B ). Moreover, in the BBB model (Figure 3D ), the combination of GLA with TMZ did not add to the antiproliferative effect of each substance alone. This means that all the inhibitory effects caused by each substance compared with the control were in the same range of the viable cells (GLA: 75.8%, GLA + TMZ: 81.2% and TMZ: 82.2%), with no significant differences between them.
Effect of TMZ, 2-OHOA and GLA on β-catenin and E-cadherin protein expression
In order to explore the mechanism of action of TMZ, GLA and 2-OHOA we tested the expression pattern of the specific adherens junction (AJ)-related proteins, β-catenin and E-cadherin, in Caco-2 cell monolayers. Western blot analysis was performed using Caco-2 cell extracts previously treated with TMZ, GLA or 2-OHOA in triplicate, and was compared to control. Results showed that GLA, 2-OHOA and TMZ, were able to significantly decrease β-catenin protein expression ( Figure 6A ). Moreover, GLA significantly upregulated E-cadherin protein expression (Figure 6B ), while TMZ downregulated it ( Figure 6A ). 2-OHOA did not significantly change E-cadherin protein expression ( Figure  6C ). In T98G cells (Figure 4C ), only TMZ significantly decreased β-catenin protein expression -around 75% decrease -in relation to control. T98G cells do not express E-cadherin.
Effect of TMZ, 2-OHOA and GLA on cell morphology and induction of lipid droplets formation
All three molecules caused significant increase in cell size in comparison to the respective controls. However, only GLA and 2-OHOA induced a significant increase in intercellular space (Figure 7) . Additionally, it was observed in the brightfield lighting method, the formation of lipid droplets which in Caco-2 were abundant in cell borders ( Figure 8A ), while in T98G, it appeared in the whole cell body ( Figure 8B ). Nile red staining confirmed the presence of lipid droplets in Caco-2 cells ( Figure 8C ).
Figure 5 Effect of Fish oil (FISH) on Transepithelial Electrical
Resistance (TEER) and T98G cell proliferation in a gutbrain barrier (GBA) in the blood-brain barrier (BBB) model in vitro. A) and C) TEER measured in the GBA and BBB, respectively, after treatment with 35 mg/ml FISH alone or in combination with 500 µM TMZ. B) and D) T98G cell proliferation measured in the GBA and BBB, respectively, after 35 mg/ml FISH alone or in combination with 500 µM TMZ. The data are mean ± SE (n=4) from two separate experiments. Difference between the control and treatment as well as between the treatment combination versus each compound alone are described (Student's t-test, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001).
Figure 6
Western blot analysis of β-catenin and E-cadherin on Caco-2 cells. Protein bands (left) and graphs (right) are shown from TMZ (A), GLA (B), and 2-OHOA (C) treatments. Quantification was performed and corrected using β-actin as internal control. For each treatment three control (CTL) samples were run because a different solvent was used -ethanol for GLA and 2-OHOA and DMSO for TMZ. The data are mean ± SE (n=3) from two separate experiments. Difference between the control and treatment are described (Student's t-test, *p<0.05, **p<0.01, ****p<0.0001). 
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Discussion
There is worldwide concern regarding over-the-counter use of FA as a dietary supplement. Pharmacological interactions with medications may occur, leading to potential dangerous and even life-threatening consequences [34] . Dietary supplements may have an effect on the pharmacokinetics of concomitant medications [34] . Due to ubiquitous marketing and increased exposure via the internet, consumers may believe that a "natural" product, such as herbal supplements or fish oil, is harmless. The global herbal supplement market will reach 86.74 billion dollars (US) by 2022, according to Zion Market Research™. However, there is a paucity of safety and efficacy data as well as insufficient information on drug-drug and food-drug interaction. Here, we demonstrate for the first time that the combination of TMZ with both naturally occurring and synthetic FA molecules is by no means synergistic. There is a consistent antagonism between these compounds. All FAs used had an inhibitory effect on the cytotoxic function of TMZ in the tested models.
In both GBA and BBB models, 2-OHOA decreased cell permeability dose dependently. However, especially in the GBA model, TMZ effect on TEER completely reversed the effect of 2-OHOA, suggesting competition between the substances. In the BBB model, the combination of TMZ + 2-OHOA reduced only the inhibitory effect of TMZ, but not that of 2-OHOA alone. This result could be in part associated with the difference between BBB and GBA permeability, showing less permeability of the BBB model in vitro to 2-OHOA. Interestingly, in vivo studies with this compound have demonstrated its ability to penetrate Figure 7 Cell morphology analysis of Caco-2 cells after treatment with 2-OHOA, GLA and TMZ. Treatment with 2-OHOA and GLA showed extremely significant changes in cell morphology, showed as size (area) in graphs, compared with the respective controls (CTL). Also the intercellular space on both treatment, showed as thickness in graphs, were significantly increased after both treatments. TMZ also significantly increased cell size in comparison with control, but did not alter the intercellular space. The data are mean ± SE (n=10). Difference between the control and treatment are described (Student's t-test, *p<0.05, **p<0.01, ****p<0.0001). the BBB by alterations in membrane properties [18] . Moreover, we showed here an evident antagonism between 2-OHOA and TMZ on the inhibitory effect of T98G cell viability in both GBA and BBB models in vitro. Curiously, in the GBA model, 2-OHOA not only inhibited the anti-proliferative effect of TMZ, but also TMZ antagonized the 2-OHOA anti-proliferative impact on T98G cells. If this antagonistic effect indeed translates to in vivo, it will undoubtedly exhibit negatively in the currently running phase IIB clinical trial mentioned in the introduction.
T98G was found resistant to FISH, which are sources of DHA and EPA. In our experiments, the effective concentration obtained for FISH were >100 µg/mL indicating no cytotoxic effect based on the criteria set by the National Cancer Institute, which states that only natural substances with EC50 <20 µg/mL are considered cytotoxic [35] . Furthermore, in agreement with our data, studies have demonstrated that using EPA in combination with irradiation resulted in a substantial radiosensitization for colon adenocarcinoma HT-29 and GBM U251 cells, but not for T98G cells [36] . Mulpur et al. observed that omega-3 supplements used by brain cancer patients did not improve their survival rate [25] . Taking these observations into account, we learned that T98G cells, as well as human brain cancers in general, are non-sensitive to fish-derived omega-3 FA. Even though omega-3 FA has failed to demonstrate any effect on T98G cell proliferation, we found that FISH exhibited the same result on TEER in both models, arresting the expected increase in comparison with control. This result is in agreement with previous studies showing that DHA and EPA have the ability to increase Caco-2 cell permeability [37] . However, the combination of TMZ and FISH, in both models, just confirmed the powerful ability of TMZ on increasing TEER.
GLA had similar effects as 2-OHOA. Both reduced TEER in the GBA model as well as in the BBB model, and both had a significant effect on the viability of T98G cells. However, combining GLA with TMZ caused a significantly less antiproliferative effect in comparison with each molecule alone in the GBA model but not in the BBB model. Noteworthy, 150 µM GLA caused the same effect as 500 µM TMZ on T98G cell proliferation in both in vitro barrier models. In in vivo conditions, the presence of a more consistent number of specific lipoprotein receptors at the BBB [38] , which may hinder GLA entrance to the brain and consequently to the tumor, should be considered. In fact, this issue has contributed to hampering the oral use of GLA for gliomas [28] . So, improving GLA delivery to the CNS is a challenge to pursue. Once this problem is solved, it could work just as TMZ, with the asset of not being toxic to normal tissues [33, 39] . Concerning the barrier permeability, GLA and TMZ showed opposite effects on TEER in both models. While GLA loosened tight junctions as observed by the significant decrease on TEER, TMZ strengthened it by increasing TEER.
In agreement with our study, Usami et al. also demonstrated the effect of GLA in increasing Caco-2 cell permeability, they also observed that this effect is regulated by protein kinase C (PKC) [37] . A study conducted by Yamagata and colleagues, demonstrated that GLA at 10 µM caused an increase on TEER in an in vitro barrier model using porcine brain capillary endothelial cells [40] . This is not in agreement with our results. However, results may differ depending on cell lines and the concentration of GLA used. Additionally lower concentrations like the one used by Yamagata and colleagues are known to be non-cytotoxic to glioma cells in vitro or in vivo [29, 30] . The concentrations used in our model are more relevant to clinical translation. Moreover, TMZ in combination with GLA, in the GBA model, was still able to reduce Caco-2 cell permeability at the same range as TMZ alone, suggesting a predominant effect by TMZ on this barrier. However, in the BBB model, GLA apparently interfered with the effects of TMZ on endothelial cell permeability. These results are in line with existing data showing the ability of GLA to inhibit the impact of some chemotherapies. It has been reported that the association between Fotemustine and GLA salts have antagonistic effects [41] .
A striking finding of this study happened as we continued to explore and compare the mechanism of action of TMZ, GLA and 2-OHOA, which induced a significant and consistent effect in comparison to FISH. We started investigating the expression pattern of the specific adherens junction (AJ)-related proteins, β-catenin and E-cadherin, in Caco-2 cell monolayers. The membrane phospholipid composition plays an essential role in the in vivo maintenance of AJ structures involved in cellcell adhesion [42] . Thus, we inferred that incubation with GLA or 2-OHOA could induce alterations in AJ-related protein expression leading to redistribution of β-catenin/E-cadherin protein complex in cell membranes. Indeed, we observed that GLA and 2-OHOA significantly decreased β-catenin protein expression, and the expression of E-cadherin was significantly upregulated by GLA but not by 2-OHOA (Figure 6 ). TMZ per se also significantly decreased β-catenin, but different from GLA and 2-OHOA, it significantly downregulated E-cadherin protein expression. Interestingly, our morphology studies revealed that the size (area) of cells was significantly increased by all three compounds tested, while the intercellular space was only augmented by GLA and 2-OHOA (Figure 7) . Also, a massive accumulation of lipid droplets (LD) was observed on Caco-2 cell borders after incubation with GLA and 2-OHOA. Nile red staining was used to confirm the presence of LD on Caco-2 cells ( Figure  8C ). The same effect was also observed in T98G cells, with the difference that the LD were found in the whole cell body ( Figure  8B ). Taken together, the increase on intercellular space and the accumulation of LD at the cell junctions of Caco-2 may explain at least in part the observed decrease on TEER after treatment with both 2-OHOA and GLA molecules (Figure 9 ). Incubation with TMZ led to a significant increase in cell size ( Figure 7 ) and showed no significant changes in the intercellular space in comparison with control. It could be inferred that the increase in cell size by itself has contributed to the observed increase on TEER, when taking into account the whole space of the well. Additional protein expression analysis revealed that TMZ, but not GLA and 2-OHOA, induced a significant inhibition of β-catenin in T98G cells ( Figure  4C ). The overall findings corroborate the fact that TMZ has a distinct mechanism of action and also antagonistic effects in relation to GLA or 2-OHOA. Additionally, based on the effect of GLA on T98G cell proliferation (Figure 4B ), we may consider GLA
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Figure 9
Summary scheme comparing the effects of the FA compounds GLA and 2-OHOA versus TMZ on Caco-2 cells. GLA and 2-OHOA induced a decrease on TEER, while TMZ induced an increase. GLA and 2-OHOA effect could be due to the accumulation of lipid droplets in the cell border and alterations on cellular distribution of β-catenin/Ecadherin protein complex, which resulted in an increase on the intercellular space. In contrast, TMZ did not cause an increase in intercellular space, but an increase in cell size, which may have contributed to the increase in TEER.
as the best candidate for treating glioma cells, pending on the development of delivery systems in order to effectively increase its effect in the brain.
In general, FA can be incorporated in cell membrane, causing alterations in membrane composition and fluidity, as well as changes to substrate-receptor interactions [19, 20, 43] . This may lead to the antagonistic effects detected in this study. Future in vivo studies should clarify in more details the precise mechanism by which those FA molecules interfere with the mechanism of action of TMZ and vice-versa.
Conclusion
Using our in vitro barrier models, we conclude that FAs might negatively interfere with the cytotoxic effect of TMZ. On the other hand, TMZ may also play a negative role in the antitumor action of specific FAs like GLA or 2-OHOA. The current results raise questions concerning the clinical utilization of these FAs as nutritional adjuvants for patients under treatment with TMZ. It is plausible that patients with GBM should at least be treated with FA and TMZ separately. Likewise, other CA may present pharmacologic interactions with FA, indicating a need for additional studies in this field.
